The PCR technique often yields nonspecific products. To overcome this problem, a simple, specific and efficient method was designed: touch-up 
INTRODUCTION
PCR is widely used for multifold amplification from template DNA. But inherent in this powerful capability is the frequent co-synthesis of nonspecific products. Several approaches have been described in the literature to circumvent this problem, including (i)hot start (3, 5, 6, (10) (11) (12) (13) (14) (15) (16) , or (ii) touch-down PCR (8) . Other strategies are designed to promote formation of looped structures to suppress undesired products or primer-dimers, thereby resulting in their elimination from the reaction (4, 7) .
In the present communication, we describe a novel method to reduce nonspecific product formation during PCRs, which utilizes specially designed primers in which the 3 ′ end of the primers contain template-specific sequence and the 5 ′end contain sequences for self-annealing. Given these specifications, under ambient temperatures, the primers are self-looped or oligomerized and hence cannot initiate polymerization. When the PCR is heated, the primers melt only at elevated temperatures, thus initiating a hot start. The reaction also utilizes six preliminary cycles of touch-up annealing temperatures, starting at lower temperatures to facilitate amplification from the original template that pairs about 20 bases of the primers. As the preliminary cycles progress, the annealing temperatures gradually increase to accommodate amplification from the products of Figure 1 . Schematic illustration of the principles underlying TULIPS-PCR. The primers contain template-specific sequences and additional nontemplate-specific sequences to form a stem self-annealing region. Under ambient temperatures, the primers are self-annealed (upper panel) or self-oligomerized (not shown). This prevents the polymerization reaction. As the temperature of the reaction is elevated to reach the initial melting temperature, the primers linearize. Upon lowering the temperature, annealing (middle panel) followed by polymerization (lower panel) occurs. This ensures a hot start for the reaction. The main reaction cycles are preceded by a touch-up regime, by raising the temperature from 60°Cto 72°C in each cycle for six cycles. This ensures that at least one of the cycles will produce proper annealing. The lower temperatures are needed because at the initial amplification, only part of the primers are annealed to the template. When the annealing temperature is too low, the primers self-anneal, and any potential nonspecific reaction is shut down. the earlier cycles. The early cycle products serve as templates that base pair to the full length of the primers.
We demonstrate this approach by comparing amplification of glyceraldehyde-3-phosphate dehydrogenase (GAPD) from genomic DNA with different designed primers. We have named this method touch-up and loop incorporated primers (TULIPS)-PCR. To demonstrate its applicability, we compare the TULIPS-PCR approach to standard PCR of DNA from the mouse tail of transgenic animals.
MATERIALS AND METHODS
Primers used for the PCR and sequencing (Table 1) were custom synthesized (Hospital for Sick Children, Toronto, ON, Canada). Loop primers were designed to form a stem of about 10 bases ( . In a standard PCR, it is usually recommended to use 0.5 U TaqDNA polymerase. However, some of the reactions described below required prolonged incubation periods that could result in diminished polymerase activity. Consequently, for this study, we compared 0.5 and 1 U Taq DNA polymerase for various PCRs and found no significant differences between the two levels of polymerase (data not shown). To provide a baseline for comparison between the different reactions reported in the present study, taking into account the variation in incubation times, we used 1 U polymerase in every protocol. But, in the future, we recommend using the lower concentration (0.5 U) to minimize any potential nonspecific amplification. Standard PCR: 94°C for 5 min, then 35 cycles of 94°C for 30 s, 55°C for 30 s, 72°C for 30 s, then 72°C for 7 min, and hold at 4°C. Hot start PCR employed the same regime as standard PCR, except the 10 ×MgCl 2 was added at 80°C to initiate the reaction. Touch-down PCR: 94°C for 5 min, then 6 cycles of 94°C for 30 s, 67°C down to 57°C (2°C decrement/cycle). Touch-up PCR: 94°C for 5 min, then 6 cycles of 94°C for 30 s, 60°C up to 72°C (2°C increment/cycle) for 30 s, 72°C for 30 s, then 35 cycles of 94°C for 30 s, 72°C for 30 s, then 72°C for 7 min, and hold at 4°C. On certain occasions, an 8-h preincubation at room temperature or 80 ×cycle regime were used. The PCR was assembled at room temperature. PCR products were resolved on 1.5% agarose gels containing 0.5 µ g/mL ethidium bromide for visualization. PCR products for sequencing were further purified (QIAquick ™; Qiagen) and sequenced with AS primer no. 5 (Table 1) .
RESULTS AND DISCUSSION
As mentioned above, when the PCR is carried out under a standard regime with standard primers, this often results in nonspecific product formation. To overcome this problem, we designed a new method, TULIPS-PCR. The principles underlying this method are illustrated in Figure 1 No.
Primer Name Sequence
CCAACGGTCT GAATTCTCTAGCACTCAGACCGTTGG
Primers are shown in their 5 ′→3 ′ orientation. S, sense; AS, antisense; Furin-Gel., furin-gelantinase A primers. Nontemplate sequences are depicted in bold type. Eco RI sequence introduced in the loop region of furin-gel. primers for downstream usage is underlined. Primer 4 (AS) was used for verification by sequencing of the product obtained by TULIPS-PCR with primer set 5. Figure 2 , the 8-h preincubation at room temperature was employed. Although it is not common practice in PCR protocols, the preincubation step was added to exaggerate nonspecific synthesis and demonstrate the advantage of the TULIPS protocol. Figure 2 , lane 2, shows the results obtained using the normal primer set no. 1 (Table 1) and demonstrates the nonspecific bands. Using GAPD loop primers (set no. 3 from Table 1 ) substantially reduces the nonspecific bands, yielding a single product ( Figure 2 , lane 4). Since the loop primers are longer than the standard ones, and after the first cycle its product can be used as a template in the reaction, the improved specificity in Figure  2 , lane 4, compared to lane 2, could be the result of more specific priming with the longer primers. To test for this possibility, we employed longer templatespecific primers (set no. 2 from Table 1) with melting temperatures equivalent to the loop primers. However, as shown in Figure 2 , lane 3, this did not lead to a reduction in nonspecific band formation. We then employed touch-up PCR. The premise behind this approach was twofold: (i) the elevated temperature in each cycle could eventually yield a desired annealing temperature without the need for optimization and (ii)once a product is produced in one or more of the touch-up cycles, it serves as a template for the main reaction, using the full size of the loop primer. This strategy enables the utilization of higher annealing temperatures, thereby improving specificity. Indeed, as shown in Figure 2 , lane 7, utilizing loop primers (set no. 3) under this protocol yielded a single band. The specificity of the reaction under these conditions was not due only to the elevated temperatures because the longer primers (set no. 2), although yielding an expected product, also yielded additional nonspecific bands ( Figure 2, lane 6) . Moreover, the touch-up protocol improved the specificity compared with the normal condition (compare Figure 2 , lanes 3 and 6). Under these conditions, the normal primers (set no. 1) did not yield any products because the annealing temperature was too high (Figure 2 , lane 5).
We then compared the TULIPS technique with touch-down and hot start PCR (Figure 3) . As expected, touch-down and hot start PCR yielded fewer nonspecific products compared to the standard protocol (compare lanes 5 and 6 of Figure 3 with lane 2 of Figure 2) . However, TULIPS-PCR yielded even less nonspecific products ( Figure  3 , lane 7) compared with touch-down and hot start PCR. Moreover, even when the PCR products were diluted 10 times, the TULIPS technique resulted in a higher yield than touch-down and hot start PCR (compare lane 4 with lanes 2 and 3 in Figure 3 ). Taken together, these results suggest that the TULIPS method is more specific and more robust than comparable techniques. In addition, TULIPS-PCR offers further practical convenience because it eliminates the need to open or pause the reaction to add other components, and the reaction can be assembled with no special temperature care.
The GAPD gene is a housekeeping gene with high abundance. When the reaction with primer set no. 1 is terminated at the exponential phase, only a single band is usually observed (1,7) . Table 1 ) under normal and touch-up conditions. PCR products were amplified with wild-type rat tail DNA as template under normal (lanes 2-4) or touch-up (lanes 5-7) conditions. Normal template-specific primers (lanes 2 and 5), long template-specific primers (lanes 3 and 6) or loop primers (lanes 4 and 7) were utilized. Lane, 100-bp ladder (New England Biolabs, Mississauga, ON, Canada). For designation of GAPD primers see Table 1 , and for reaction conditions consult the Materials and Methods section. 3 and 6) PCR. PCR was performed utilizing wild-type mouse tail genomic DNA. Normal (lanes 2, 3, 5 and 6) and looped (lanes 4 and 7) GAPD primers were used. At the end of the reaction, 1 µ L (lanes 1-3) or 10 µ L (lanes 4-6) were loaded on 1.5% agarose gel. Lane 1, 100-bp ladder.
when there are several targets for one or both primers, and primer selection is more restricted -such as might occur in screening transgenic animals. Transgenes are usually incorporated into the mouse genome in multiple head-to-tail concatamers and may contain 50 copies or more at the integration site (9) . The sensitivity of the screening method is therefore not always a limiting factor. It is the specificity rather than the sensitivity that is crucial in selecting the screening method. To illustrate this point, we describe our experience with a construct containing the PGK1 promoter and the gelatinase A gene containing furin substrate sequence sandwiched between the pro and active region of the enzyme (2) . To screen the incorporation of this transgene into the mice genome, a sense primer from the PGK1 region and an antisense primer from the furin region (Table 1, No nonspecific bands appeared, even when 80 ×cycles were utilized (data not shown). This product was sequenced with furin antisense primer ( Table 1 , no. 4) and was shown to contain the desired human gelatinase A prosegment (data not shown). Collectively, these data demonstrate that both the loop primers and the touch-up PCR regime contribute to a dramatic change in the specificity of the reaction.
The TULIPS method is relatively simple. It works efficiently without the need for complex optimization procedures. The unique suppression of the reaction achieved at ambient temperatures allows an automatic hot start. When the ingredients of the reaction are added, there is no special temperature requirement, and the reaction can be assembled at room temperature. As we showed in this report, when the TULIPS protocol is used, even prolonged incubation at room temperature does not result in the appearance of nonspecific products. Furthermore, the stem region of TULIPS primers forms dsDNA at ambient temperatures, adding even further to their resistance to degradation compared with normal single-stranded primers. In addition, in contrast to manual hot start protocols reported (6), there is no need to open the reaction tubes at elevated temperatures for addition of one of the components. Also, the need for added wax, antibodies or nonspecific dsDNA fragments reported for later hot start protocols (3, (10) (11) (12) is eliminated.
For the purposes of the present report, we employed a stem region of about 10 bp with melting temperatures ranging between 30°C and 36°C. We noticed that when the stem region has higher annealing temperatures, no product is produced. The explanation for this is that, although the stem region has a lower melting temperature than that of primer to template, self-annealing of primers is thermodynamically favored compared to primer/template annealing. Thus, it is advisable to change stem length according to the GC content to accommodate the desired melting temperature. As a final point, although we decided to start the touch-up precycling at 60°C for the particular example de - tions are unclear, it might be beneficial to start the touch-up segment at lower temperatures.
INTRODUCTION
Gene targeting is a well-established technology used to produce mouse mutants and models of human diseases (2, 9) . Injection of genetically altered embryonic stem (ES) cells into blastocysts from inbred mice (C57BL/6 or BalbC) has been used most widely to produce chimeras (8) . This technique, however, requires both expensive equip -
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